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Objectives . The purpose of this study was to compare the
assessment of myocardial area at risk h1 patients with coronary
artery stenosis by coronary angiography and quantitative myo-
cardial perfusion imaging with technetium-99m sestamibi .
Background. Decisions concerning patient management fre-
quently rely on semiquantitative angiographic estimation of the
myocardial area at risk, although this approach has not been well
validated . Technetium-99m sestamibi is a perfusion imaging agent
with little redistribution after initial myocardial uptake . This
characteristic allows for injection during angioplasty and later
imaging for visualization and quantitation of the nonperfused area
at risk.
Methods . Thirty-nine patients referred for coronary angio-
plasty were studied . Technetium-99m sestamibi was injected
intravenously during angioplasty balloon inflation
. Planar (33
patients) or tomographic (6 patients) imaging was performed after
completion of angioplasty . Imaging was repeated 24 to 48 h later .
Myocardial risk area (perfusion defect on angioplasty image) was
quantified as an integral using circumferential count distribution
The concept of myocardial "area at risk" assumes a predict-
able extent of myocardium destined for infarction if com-
plete occlusion were to occur at the site of a specific
coronary stenosis . Experimentally, the risk area obtained
from radiotracer injection during coronary vessel occlusion
correlates with area at risk (1,2) and ultimate pathologic
infarct size (3) . More recently, it has been shown in clinical
and experimental studies that the myocardial area at risk can
be imaged after intravenous injection of technetium-99m
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profiles and normal reference. Anglographic risk area was as-
sessed using five scoring methods .
Results. The scintigraphic risk area was 14 t 15 on planar
images and 39 t 16 on tomohraphy. Scintigraphic risk area of
patients with infarction was larger than in patients without (22 t
17 versus 7 t 8, p = 0.003). The left anterior descending coronary
artery had a larger mean risk area than other vessels (22 t 15
versus 7 t 11, p = 0.002). The presence of angiographic collateral
channels was associated with smaller risk areas. Angiographic
risk scores correlated only moderately with the technetium-99m
sestamibi risk area (r = 0 .54 to 0.65), with considerable spread of
data .
Conclusions . Area at risk estimated from coronary angiogra-
phy does not correlate well with that from quantitative myocardial
perfusion Imaging with technetium-99m sestamibi. These findings
emphasize that the functional significance of coronary artery
disease is not predicted by coronary anatomy alone.
(J Am
Coll Cordial 1993;22:1033-43)
sestamibi before thrombolytic therapy in myocardial infarc-
tion (4,5) .
Technetium-99m sestamibi is a myocardial perfusion
agent that may easily permit noninvasive assessment of
myocardial risk area in humans
. This imaging agent clears
rapidly from the blood (6) and accumulates in the myocar-
dium proportional to regional distribution of coronary blood
flow (2,7,8) .
Technetium-99m sestamibi displays minimal
redistribution
(1,8) .
Therefore, even if imaging is delayed for
several hours, the image portrays the distribution of myo-
cardial blood flow at the time of injection
. Recently, techne-
tium-99m sestamibi has been used in a limited number of
patients to qualitatively define hypoperfused myocardium
during inflation of an angioplasty balloon
(9,10) .
In the current era of thrombolytic therapy and aggressive
revascularization, decisions concerning patient management
frequently rely on the rerceived risk for further myocardial
damage
. Angiographic estimation of myocardial jeopardy is
often utilized, in part, to initiate and guide interventions such
0735-1097193156
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as percutaneous transluminal coronary angioplasty
. Myocar-
dial perfusion imaging in patients with acute myocardial
infarction has shown that the area at risk is extremely
variable and does not correlate well with the anatomic site
(proximal or distal) of the culprit lesion (5) .
The: purpose of this study was to compare quantitatively
the scintigraphic myocardial area at risk visualized by tech-
netium-99m sestamibi injection during angioplasty vessel
occlusion with the risk area estimated from conventional
coronary angiography .
Methods
Patients . Thirty-nine patients were studied . Thirty-three
patients were enrolled at Yale University and six at Tel Aviv
University . Data acquisition was incomplete in an additional
six patients: in three patients ti ere were logistical and
technical problems; In two patient :. ~~cintigraphic quantifica-
tion was unreliable because of ine rise subdiaphragmatic
activity; and one patient withdrew ;rom the study before
imaging was completed. The study group of 39 patients
consisted o(26 men and 13 women (mean age 63 years, range
44 to 83). Patients were selected from a nonconsecutive
series of patients who had coronary angiography and were
scheduled to undergo single-vessel coronary angioplasty . In
addition, inclusion in this study was determined by the
availability of radiotracer and gamma camera . Furthermore,
patients who were clinically unstable or who had previous
coronary bypass surgery, or both, were excluded, Informed
consent was obtained, and the imaging protocol was ap-
proved by the respective institutional .view committees at
Yale University and Tel Aviv University.
Nineteen (49%) of 39 patients had no previous myocardial
infarction by history, electrocardiogram or cardiac enzyme
determination. Twenty patients had had a recent myocardial
infarction., 13 Q wave and 7 non-Q'wave . Eleven of these 20
(.9 Q wave, 2 non-Q wave) received thrombolytic therapy
within 8 h of onset of chest pain.
Twenty-eight patients (72%) had single-vessel disease
(defined as 00% lumen narrowing by visual analysis), 1l
patients had double-vessel disease and I patient had triple-
vessel disease. The anatomic site of stenosis was considered
proximal when it was located before the first side branch
(septal, diagonal, marginal), distal when it was located after
the last major branch and the remaining locations were
considered midvessel . Of the angioplasty sites, 22 were in
the left anterior descending coronary artery (15 proximal, 7
midvessel); 7 in the left circumflex coronary artery
(3 proximal, 4 distal) ; and 1o in the right coronary artery (3
proximal, 6 midvessel, I distal) .
Experimental Protocol
may- All patients received aspirin and a calcium
channel blocking agent for at least 12 h before angioplasty .
The balloon catheter was passed via the femoral artery over
3.s h
12 h
t
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PTCA Balloon Inflation REST
Sestarnlbi Injection
Sestamibi Reinlecticn
(25 ;S0 mCi) (25 .90 mCi)
24 .43h
IMAGING IMAGING
Figure 1. Experimental protocol. All patients had serial planar or
tomographic technetium-99m sestamibi imaging. The first image
(PTCA) was acquired after injection during balloon inflation . The
second image (REST) was acquired 24 to 48 h after angioplasty after
a rest reinjection. PTCA = percutaneous transluminal coronary
angioplasty .
a steerable guide wire under fluoroscopy and inflated across
the coronary lesion. Prolonged balloon inflations (2 to 3 min)
were requested of the operator to allow time for sestamibi
myocardial distribution and sufficient blood clearance to
occur during vessel occlusion . The duration of balloon
inflation was ultimately limited by the angioplasty operator
on the basis of standard clinical variables .
Radlophartaaceutleal administration . Technetium-99m
sestamibi was prepared using a sterile, nonpyrogenic, lyoph-
ilized kit (Cardiolite, E .I. du Pont de Nemours & Co.).
Immediately before angioplasty balloon inflation, 28 ± 4 mCi
of technetum-99m sestamibi was introduced into a periph-
eral intr venous tubing located in the arm . This is a standard
clinical dose, resulting in whole body exposure of sO .5 rad
(6) . At the beginning of angioplasty balloon inflation, tech-
netium-99m sestamibi was flushed into the patient's vein
with a 20-mi bolus of saline solution .
Immediately after completion of angioplasty, either pla-
nar imaging was performed at the patient's bedside in the
coronary care unit (Yale University) or tomographic imaging
was performed in the nuclear medicine laboratory (Tel Aviv
University), The images obtained after technetium-99m ses-
tamibi administration during balloon inflation are referred to
as angioplasty images . The patient had a repeat rest injec-
tion of 25 to 30 mCi of technetium-99m sestamibi 24 to 48 h
later, and repeat imaging was performed . These images are
referred to as rest Images (Fig. 1).
Myocardial perfusion imaging, processing and analysis-
Thirty-three patients had planar imaging ; six had single-
photon emission computed tomographic imaging. Image
acquisition, processing and computer quantification were
performed as follows .
Planar imaging, After the patient returned to the coro-
nary care unit, planar imaging was performed at the bedside
in three positions, left anterior oblique, anterior and left
lateral decubitus using a mobile Picker DATAMO camera
equipped with a general, all-purpose parallel hole collimator
Images were acquired with a 20% energy window set sym-
metrically over the 140-keV photo peak . Each projection
was acquired for 5 min, accumulating approximately
2 million counts/view . Images were acquired in a 128 x
128 matrix, word mode, on a PCS 512 computer and stored
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on a floppy disk for processing and analysis . Rest images
were acquired I h after injection of technetium-99m sesta-
mibi, on the same gamma camera in identical positions,
using the same acquisition variables as those for the angio-
plasty images.
Planar images were processed for quantification of myo-
cardial perfusion defects using previously described meth-
ods (4,11). In brief, after modified interpolative background
subtraction, circumferential count distribution profiles of the
left ventricle were generated and displayed as mean count
density in 36 segments . The count profile was displayed
relative to the segment with the highest mean count density,
which was assigned the value of 100% . The patient's circum-
ferential profile was displayed simultaneously with a curve
displaying the lower limit of normal (mean value - 2 SD)
sestamibi distribution, derived from a data base of normal
volunteers with <3% likelihood of coronary artery disease .
Defect quantification was performed by integrating the
area under the lower limit of normal curve and dividing this
area by the total potentially visualized normal myocardium .
This method yields a defect integral value that is unitless .
The total defect size on planar images is the sum of defect
integrals obtained in each of the three planar views . The
reproducibility of this methodology of quantification of pla-
nar defect size has been reported previously (12) . In addition
to defect integral, extent and severity of planar image defects
were also obtained. Defect extent is the number of sectors in
the circumferential profile below normal . Defect severity
refers to the nadir of the defect below normal . Extent and
severity are essentially components of the defect integral but
do not share the same units of measurement.
Tomographic imaging. After completion of angioplasty,
approximately 2 h after sestamibi injection, patients were
brought to the nuclear medicine laboratory of Tel Aviv
Medical Center for acquisition of angioplasty images . Tome-
graphic imaging was performed using a single-head rotating
camera (Elscint). Sixty projection images were acquired
from the 45° right anterior oblique to the 45° left posterior
oblique position, each for 25 s . Rest images were acquired
I h after injection of technetium-99m sestamibi, using the
same gamma camera and acquisition protocol . The images
were acquired in a 64 x 64 matrix, word mode . The data
were corrected for uniformity and center of rotation offset .
Tomographic images were processed as follows . A two-
dimensional Butterworth filter was applied to image recon-
struction, with order equal to 4 and cutoff frequency equal to
0.5x Nyquist frequency . Transverse slices I pixel thick
were generated using ramp-filtered backprojection . No at-
tenuation or scatter correction was used . Slices were reori-
ented after reconstruction according to the anatomic axis of
the heart. Reconstructed slices were displayed as short-axis
slices and vertical and horizontal long-axis slices .
Quantification of myocardial perfusion defects for tomo-
graphic studies was performer using a circumferential count
distribution profile with reference to a normal data base . The
method just described for planar imaging was modified for
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tomographic imaging
(13) . Briefly, circumferential count
distribution profiles were generated and displayed as maxi-
mal pixel counts in the radial sectors relative to the segment
with highest maximal pixel counts, which was assigned a
value of 1009[ . Patient profiles for short-axis slices and the
apical segment of a midventricular horizontal long-axis slice
were displayed simultaneously with a curve of the lower
limit of normal (mean maximal counts - 2 SD) from a data
base of normal volunteers . The total defect size on tomo-
graphic images is the sum of volume-weighted defect inte-
grals in all short-axis slices and the apical segment of the
midventricular horizontal long-axis slices .
Defect size obtained by tomographic and planar imaging
are not directly comparable . In our laboratory, defects are
arbitrarily categorized as follows: for planar imaging,
small = 0 to 5, moderate - 6 to 15 and large ? 16; for
tomographic imaging, small = 0 to 15, moderate = 16 to 45,
and large X46 . The scintigraphic myocardium at risk is
defined as the total defect size on the angioplasty image .
Coronary Angiography
Cineangiograms were reviewed and scored by an experi-
enced operator who was unaware of the clinical and scinti-
graphic data, using visual analysis to define the angiographic
myocardial area at risk . A subset of the films was reviewed
at a later date by the same observer and by a second
observer to define intraobserver (M.S.R .) and interobserver
(M.S.R., H.L.H.) variability of angiographic scoring meth-
ods.
Scoring. Because no single angiognaphic scoring system
is uniformly accepted, we evaluated a number of previously
described methods . Because most approaches rely on vessel
counting or stenosis severity, or both, we devised an addi-
tional scheme to quantify risk area on the basis of estimation
of myocardium at jeopardy . All scoring was performed using
the site of angioplasty inflation as the culprit stenosis and
was considered a total occlusion. We used a total of five
scoring systems, defined as follows :
Method of Gensini (14) . In this method, one of the
earliest angiographic scoring systems described, the severity
of coronary artery disease is determined by multiplying the
assigned value for a particular location of a stenosis (ranging
from 0.5 for terminal branches to 5 for the left main coronary
artery), with an index based on severity of stenosis .
Dash jeopardy score (15). In this method, the epic
: rdial
coronary artery tree is partitioned into six segments . The
extent of coronary disease is graded by multiplying the
number of coronary artery segments distal to a significant
stenosis by 2 .
Global left ventricular
risk area . In this method, the
observer estimates the percent of the left ventricle supplied
by the coronary bed distal to the occlusion site . This method
was recently shown by Huber et al
. (16) to correlate closely
with myocardium at risk in groups of patients during acute
1036
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myocardial infarction, as measured by technetium-99m ses-
tamibi tmographic imaging .
Multivessel angioplasty prognosis study group-
jeopardized territory score . In the methods proposed by
Ellis et al . (17), the terminal branches of the coronary tree
are counted and assigned values according to vessel size
(small - 1, medium = 2, large = 3). The summed scores of
branches distal to the stenosis are divided by the total score
for the entire coronary tree, yielding a percent value .
Myocardial territory. Designed in our laboratory, this
method focuses on the downstream myocardial territory of a
specific coronary artery . The left ventricle is divided into
three walls, each with four to five sections totaling 13 w lh
territories (Fig . 2). The septal wall is divided into four
territories: anterobasal, inferobasal, anterior and inferior .
Similarly, the lateral free wail is divided into four territories:
anterobasal, inferobasal, anterior and inferior midwail . The
midventricular wall is divided into the following territories :
anterobasal, anterolateral, apex, inferior and posterobasal .
The angiographer estimates and marks the territories threat-
ened when occlusion occurs at the stenosis, scoring one
point for each threatened territory . Potential scores range
from 0 to 13.
Collateral channels, Collateral blood supply to the risk
territory was assessed by visual analysis of the cineangio-
grsans, using the system proposed by Cohen and Rentrop
(18) . Briefly, this grading system consists of four grades :
from grade 0 (no visible collateral channels) to grade 3
(visualization of complete filling of the vessel being dilated) .
The presence of collateral channels in the present study was
defined as grade I or better flow to the vessel undergoing
angioplasty
.
Statistical Analysis
Commercially available statistics software (Statview II,
Abacus Concepts, Inc.) was used . Data are presented as
mean value ± SD . A paired
t test was used for comparison
of paired data. One-factor analysis of variance was per-
JACC Vol
. 22, No. 4
October 1993:1033-43
Figure 2 . Schematic representation of the myocardial ter-
ritory score. The left ventricle is divided into three walls :
septal wall, midventricular wall and lateral free wall. There
are 4 territories in the septal and lateral wall and 5 tenitaries
in the mid-'ntricular wall, for a total of 13 territories . The
an y. :; .~ j ~c ;arks those territories perceived to be threat-
C1; d arhnA u :~sel occlusion . AB = anterobasal ; Ant =
anterior . l'nt = inferior; Mid = midwall ; PE-4 - posterobasal .
formed to identify subset differences (e.g., angioplasty ves-
sel, presence of infarction) . An unpaired t test was used for
comparison of the mean risk area between groups . A corre-
lation matrix was constructed to compare the five angio-
graphic scoring methods. Correlation of nuclear and angio-
graphic risk area was performed by simple regression and
rank-ordered correlation analysis . A probability p < 0.05
was considered statistically significant .
Results
Myocardial Perfusion images
Angioplasty Wages. The mean duration of balloon infla-
tion in 39 patients was 163 ± 35 s (range 60 to 240 s) .
Planar images . Planar images were acquired in 33 pa-
tients at a mean duration of 188 ± 121 min (range 90 to 745)
after injection of technetium-99m sestamibi during angio-
plasty. Twenty-six (79%) of 33 patients had myocardial
perfusion defects on the angioplasty images (Fig . 3). Mean
angioplasty image perfusion defect size was 14 ± 15 (range 0
to 59) . Seven patients demonstrated no perfusion defects on
angioplasty images. Six of these patients had angioplasty of
the right coronary artery, and one patient had angioplasty of
a marginal branch of the let circumflex coronary artery .
None of these patients had a previous infarction. Five of the
seven patients with no defects on angioplasty images had
collateral channels supplying the territory of the culprit
vessel. There was no correlation between the duration of
angioplasty balloon inflation and size of the perfusion defect
for the entire group (r = 0.05) . The patients without angio-
plasty image defects had a mean balloon inflation time of
159 s, not significantly different from those with defects, and
none had a balloon inflation time <135 s. There was no
correlation between the time interval from injection and
imaging defect size (r = 0.14) .
Tomographic images. Tomographic images were ac-
quired in an additional six patients at 90 to 120 min after
injection of technetium-99m sestamibi during angioplasty .
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Figure 3. Quantified technetium-99m sestamibi
perfusion defects for all patients . The results of
pk
j
:. ::r imaging (left) and tomographic imaging
(right) are shown. The mean (0) angioplasty
(PTCA) image defect size is significantly larger
than the mean rest (REST) image defect size in
both planar and tomographic images . The defect
size scales for planar and tomographic imaging
are not directly comparable . See Figure 1 for
explanation of PTCA and REST .
All six patients had perfusion defects (Fig . 3). Mean defect
size was 39 ± It (1ange 23 to 65) . Three patients had
collateral channels on a :.giography . These three patients had
the smallest angioplasty image defects .
Rest images . Thirteen of 33 patients had no defect on the
planar rest images (Fig . 3) . Mean rest image perfusion defect
size for the entire group was 5 ± 9 (range 0 to 35),
significantly smaller than the angioplasty image defects (p =
0.0001). Twenty patients showed a decrease in myocardial
perfusion defect size from angioplasty to rest images . In
three patients, the rest image defect size was the same or
larger than on the angioplasty image. The seven patients
without defects on angioplasty images also did not have
defects on rest images .
Tomographic imaging yielded similar findings . The mean
rest image defect size was 16 ± 11, significantly smaller than
the angioplasty image defect (p = 0 .0004). All patients had a
residual defect on rest imaging . Two patients without previ-
Figure 4 . Planar technetium-99m
sestamibi myocardial perfusion
images of a patient who under- FTCA
went angioplasty of the proximal
left anterior descending coronary
artery. A septal and ante-'or de-
fect is seen in the angi oplasty
(PTCA) images (top row, a<:~Tows).
Defect size is shown on the right .
The rest (REST) images (bottom
row) are normal in this patient
without a previous infarction . REST
ANT = anterior; LAO = left an-
terior oblique; LLAT = left lat-
eral decubitus. See Figure 1 for
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ous myocardial infarction had small residual defects, mea-
suring 10 and 7. Figures 4 and 5 show examples of techne-
tium-99m sestamibi angioplasty and rest images .
Myocardial infarction . The relevance of previous infarc-
tion, location of stenosis and presence of collateral channels
was evaluated in the 33 patients with planar images . The
number of patients who had tomographic imaging is too
small for such analysis . Mean angioplasty image defect
size in 16 patients with previous infarction was 22 ± 17
compared with 7 t 8 in patients without previous infarction
(p = 0.003) . In both groups, defect size was significantly
smaller on the rest images (9 } I I and I ± 2, p = 0 .0006
and p = 0 .01, respectively) (Fig. 6). Mean rest image defect
was also significantly smaller in patients without infarction
than in patients with previous infarction . Ten of 17 pa-
tients without infarction had quantitatively no defect at rest
imaging. Six of the remaining seven patients without
infarction had a quantitatively shall defect of s2 . The
PICA
Defeo
1038 .
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retraining patient had a moderately sized rest image defect,
measuring 6 .
Lol*on of • ^nods. Mean defect size in the 16 patients
with angioplasty of the left anterior descending coronary
artery was 22 3 15 (range I to 59) (Fig. 7) . Proximal or
midvessel stenosis location did not correlate with defect
size. Mean defect size in patients who had angioplasty of
the left circumflex or right coronary artery was 7 :t 11(range
0 to 43). This is significantly smaller than in patients with
left anterior descending coronary artery angioplasty (p =
0.002) .
Presence of collateral channels . Figure S shows the size of
technetium-99m sestamibi perfusion defects in 7 patients
with and 26 patients without collateral flow visualized on
contrast angiography. Patients with angiogrraphic collateral
flow had significantly smaller total defects than those with-
out (4 f 6 versus 17 ± 16, p < 0 .05) . Furthermore, both
defect extent and defect severity were significantly smaller
REST
DOW Shoe
10
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Figure 5. Tomographic technetium-
a9
99m sestamibi myocardial perfusion
images of a patient with angioplasty of
the mid-left anterior descending coro-
nary artery. Midventricular short-axis
slices (top) are displayed apex to base
(left to right), with the anterior wall
uppermost, and the septum on the left .
Anterior and septal defects are present
on angioplasty (PTCA) images (arrow) .
The defect is markedly smaller on re-
peat rest (REST) images after angio-
plasty. Horizontal (Horiz) Ions-axis
slices, displayed with apex uppermost
and septum on the left, show defects in
the septum and apex on angioplasty
images (arrow). Vertical (Vert) long-
axis slices, displayed with apex on the
right and anterior wall uppermost,
show anterior wall and apical defects
(arrow) . The defects are almost absent
in the rest images . Total tomographic
defect size is shown on the right . See
Figure 1 for explanation of PTCA and
REST.
Fare6. Technetium-99m sestamibi perfusion de-
w fect size on planar images in patients with previous
myocardial infarction (left) and without infarction
(right). Mean defect size (0) on the angioplasty
(PTCA) images is significantly larger than that on
the rest (REST) images in both groups . Patients
with infarction have a larger risk area than patients
without. See Figure 1 for explanation of PTCA and
REST.
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Figure 7. Quantified technetium-99m sestamibi defect size on planar
angioplasty images in relation to angioplasty site . Mean risk area (6)
for patients undergoing left anterior descending coronary artery
(LAD) angioplasty was larger than that of patients with right
coronary or left circumflex artery (NON-LAD) angioplasty . Note
the wide range of risk area for similar sites of coronary occlusion .
in patients with collateral flow (9 ± 12 versus 31 ± 19 and
3.4 ± 4.6 versus 9.3 ± 6.4, respectively, p < 0.05 for both).
Angiographic Risk Scores
Interobserver and intraobserver correlation of the angio-
graphic scoring methods was good to excellent. All methods
Figure 8. Effect of collateral vessels en technetium-99m Sestamibi
defect size . The presence of collateral vessels was associated with a
significantly smaller risk area, as defined by technetium-99m sesta-
mibi defect integral, extent or severity (see text) .
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yielded high correlation of scores between two observers or
separate readings of a single observer (r = 0 .80 ~to 0 .96, p <
0.008, and r = 0 .80 to 0.91, p < 0.005, respectively) .
The five myocardial scores showed substantial correla-
tion with each other, as well
. The highest correlation was
found between the territory score of Ells et al . (17) and that
of Huber et al . (16), r = 0.88. The Gensini method (14)
showed the least correlation to the myocardial territory
score, r = 0 .55 . All other cross correlation fell between these
values.
Table I summarizes angiographic
risk scores for all
patients, patients with and without infarction and in relation
to the vessel undergoing angioplasty . The angiographic
scores reflect the same general trends as those observed with
technetium-99m sestamibi imaging. Patients with infarction
have significantly greater risk scores than do patients with-
out infarction. Furthermore, in patients undergoing angio-
plasty of the left anterior descending coronary artery, the
jeopardy scores are higher than in patients who had angio-
plasty of the other arteries .
Correlation of Technetium-99m Sesiamibi and
Angiographic Risk Area
The risk area as estimated by angiographic methods
showed only moderate correlation with myocardial risk area
quantified with technetium-99m sestamibi. Although the
overall correlation is moderate, the accuracy of the angio-
graphic s o(ing method to predict sestamibi myocardial risk
area in the individual patient is poor. Figure 9 shows the
correlation between angiographic myocardial territory score
and technetium-99m sestamibi defect size. Although this
scoring method was designed to simulate clinical estimation
of risk territory, there was only modest correlation (r = 0 .55,
SEE = 0.02, p = 0 .0001) . Table 2 summarizes the correlation
of all five angiographic scoring methods with quantitative
scintigraphic measurement of area at risk .
Discussion
This study indicates that the physiologic extent of myo-
cardial area at risk, defined by sestamibi imaging after
injection during balloon occlusion, cannot be predicted from
routine contrast coronary angiography . Various semiquanti-
tative angiographic scoring methods correlated only mod-
estly with planar and tomographic quantitative technetium-
99m sestamibi imaging of myocardial area at risk .
Furthermore, for a ,riven anatomic location of coronary
stenosis, the physiologic myocardial risk area was highly
variable. This discordance was especially noted for stenosis
of the left anterior descending coronary artery . Some pa-
tients with a proximal stenosis had, as expected, a large risk
area, in other patients with the same anatomic location of
stenosis, the risk area was small. These findings support
previous observations in patients with acute myocardial
infarction. The angiographic site of coronary occlusion did
too
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Table 1. Angiographic Area at Risk by Five Scoring Methods
*p z 0.05. tp s 0,0005 . Values presented are mean value ± SD. LAD = left anterior descending coronary artery ; MI =
patients with previous myocardial
Infarction ; No MI -
no previous myocardial infarction; Non-LAD =
left circumflex or tight coronary artery .
not allow accurate prediction of s;intigraphic area at risk or
infarct size (4,16) .
In patients without a previous myocardial infarction,
technetium . 99m sestamibi defect size on angloplasty images
provides a measure of the anticipated extent of myocardial
damage if the artery were to occlude completely during acute
infarction. The extent of myocardium potentially salvaged
by revascularization can be quantified as the difference
between risk area and the residual rest image defect . Patients
who had a previous infarction and underwent angioplasty of
the infarct-related artery had significantly larger defects on
angioplasty images than on rest images . This finding indi-
cates that patients who sustained an infarction did not
necessarily have a "complete infarction," encompassing the
entire myocardial area at jeopardy. Patients in this study
were selected for angioplasty because of the recurrence of
anginal symptoms. Therefore, these observations may not
be applicable to an unselected group of patients with a
previous myocardial infarction .
Our study also showed a significant relation between
collateral circulation, as visualized on coronary angiogra-
phy, and quantitated area at risk. Patients with angiographic
collateral' circulation had a significantly smaller defect than
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those without . Five of seven patients without a defect on
angioplasty images had angiographic collateral channels .
Only 2 of 20 patients with infarction had visible collateral
channels . The mean risk area in patients with infarction was
significantly larger than that in patients without infarction .
This observation may be related to the relative absence of
collateral circulation .
Angtoaraphic myocardial risk area. Postmortem studies
in dogs and humans have shown that the size of the anatomic
ischemic vascular bed (risk zone) is a major determinant of
infarct size (19-21). Recent experimental models using high
speed computed tomography have found a linear relation
between coronary artery diameter, length and three-
dimensional branching geometry and the volume of pcufused
myocardium (22,23). These techniques of measuring the
vascular bed are still experimental .
Several coronary angiographic methods have been used
to quantify myocardial area at risk. Although clinically used
for prognostication (17,24), evidence supporting correlation
of angiographic scoring methods to risk area and infarct size
is limited (16).
The clinical methods used in this study involve two
general approaches
: counting and scoring of diseased vessels
Figure 9
. Correlation between technetium-99m sestamibi
risk
area and myocardial territory angiographic
risk area
. Note,
again, a wide range of technetium-99m sestamibi defect size
for similar angiographic scores .
60
Agkwaphic
Method
All Patierts
Infarction Status Angioplasty Vessel
Ml No Ml LAD
Non-LAD
Geasini (14)
49 ± Is 56 ± 21 43 ± 16* 60 1 16
39 ± 17*
Dash et el
.
(15) 3 .3 ±1 .8 4.1 t 2 .1 2.9t1 .2* 4.9±1.5
2.2±1 .0t
Huber et al. (16) 0.27 ± 0.15 0.32± 0.15 0.22±0.15* 0.37±0.11 0.17±0
.13t
flits, et ai. (17)
0
.26 ±
0.14 0 .30 ± 0.14 0.22±0
.13 0.35±0.09 0.18t0
.12t
Myyocmdial territory 3 .3 ± 2 .0 4 .3 ± 2 .1 2.4±1 .6*
4 .2 ± 1 .7 2.5*_2.1*
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Table 2
. Correlation Between Angiographic Risk Scores and
Quantitative Technetium-99m sestamibi Risk Area
(Gensini [14], Dash et al . [15], Ellis et al . [17]) or estimation
• the myocardial territory subtended by diseased vessels
(Huber et al . [161 ; myocardial territory) . The three counting
systems were designed for use in long-term coronary artery
disease with varying severity of lumen narrowing . Accord-
ingly, we designed a new myocardial territory scoring
method. This method attempts to simulate the way in which
an experienced angioc rapher estimates the functional signif-
icance of a coronary artery stenosis from the angiogram .
None of the various angiographic methods used in the
present study yielded risk areas that were highly concordant
with those obtained from sestamibi imaging .
Technetium-99m sestamibi myocardial risk area. The use
• scintigraphic methods to measure myocardial risk area
with thallium-201 and technetium-99m sestamibi has been
validated in experimental and clinical studies (1,2,4,5,16,25-
27). For clinical application, the use of thallium-201 is limited
because of the occurrence of significant radiopharmaceutical
redistribution, which necessitates imaging immediately after
injection. Although it has been demonstrated that some
redistribution of technetium-99m sestamibi does occur
(28,29), the amount of redistribution in comparison with that
• thallium-201 is minimal . This characteristic of technetium-
99m sestamibi makes it well suited for assessing myocardial
area at risk in acute infarction or, as in the present study,
during the angioplasty procedure .
Technetium-99m sestamibi was administered during com-
plete occlusion of a coronary artery . Because of minimal
redistribution of sestamibi, imaging can be delayed until the
angioplasty procedure has been completed and the patient
has left the catheterization laboratory . In the present study,
the size of angioplasty image perfusion defects varied mark-
edly. This could potentially be attributed to varying degrees
of technetium-99m sestamibi redistribution . In our study,
imaging was performed as early as technically feasible after
completion of angioplasty. Preliminary attempts to perform
imaging immediately after injection in the catheterization
laboratory were unsuccessful because of intensive subdia-
phragmatic activity . Furthermore, complete planar imaging
that included a left lateral decubitus view was not feasible .
Because no apparent correlation exists bc'u-een time inter-
val after injection and defect size, we do nn t believe that the
results were significantly affected by sestamibi redistribution .
Alternatively, defect size could nave been affected by
additional myocardial accumulation of technetium-99m ses-
tamibi immediately after angioplasty balloon deflation from
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recirculating sestamibi in the blood pool . We previously
demonstrated rapidly decreasing blood levels of sestamibi
after injection at rest (4) . However, at the time coinciding
with angioplasty balloon deflation (3 min) -23% of the
injected dose was still in the blood . This decreases rapidly in
the next few minutes to <10 176 of injected dose (4). Serial
blood samples obtained in six patients from this study
demonstrated blood activity of 19 ± 3% of injected dose at
3 min after injection . Longer balloon inflations (5 to 10 min)
would attenuate any late additional myocardial uptake in the
reperfused myocardium, but this is clinically impractical
.
We found no correlation between angioplasty image defect
size and duration of balloon inflation . In contrast, there was
a significant relation between defect size and the presence of
collateral circulation . This suggests that myocardial uptake
of technetium-99m sestamibi occurs predominantly during
the relatively short time of balloon inflation and that smaller
defects are partly related to collateral circulation .
Quantification of risk area by planar and tentographic
i aagang . For logistic reasons, the majority of patients in the
present study underwent planar imaging. It was easier to
perform imaging with a portable planar gamma camera at the
patieFrt's bedside in the coronary care unit than to transport
the patient to the cardiovascular nuclear imaging laboratory
for tomographic imaging . However, planar imaging is limited
by superimposition of various coronary territories, which
could lead to overlap of abnormal and normal myocardium,
and resulting underestimation of the size of area at risk .
Nevertheless, in all patients, the anatomic location of perfu-
sion defects on the planar angioplasty images corresponded
accurately with the anticipated perfusion area of the artery
treated with angioplasty .
Tomographic imaging is superior to planar imaging for
detailed analysis of specific vascular territories, particularly
when technetium-99m-labeled imaging agents are used (30) .
Tomographic defects were quantifted using a modification of
the circumferential profile method previously developed for
planar imaging . The tomographic imaging data were consis-
tent with findings on planar imaging.
Previous investigations . Several investigators have uti-
lized the transient complete occlusion of a coronary artery
during angioplasty balloon inflation as a clinical model tc
evaluate changes in myocardial perfusion noninvasivciy .
Wiske et al . (31) compared the size of exercise-induced
thallium-201 defects with those after thallium-201 injection
during angioplasty balloon inflation . They found good agree-
ment in defect size under both conditions . However, these
investigators could not account for the potential effect of
thallium-201 redistribution after deflation of the balloon .
In
contrast, Borges-Neto et al .
(32) used technetium-99m ses-
tamibi to demonstrate that angioplasty occlusion defects
were significantly larger than exercise-induced defects
.
Braat et al . (10) and Pfisterer et al .
(9) showed that sestamibi
myocardial perfusion defects in the myocardium subtended
by the artery undergoing angioplasty can be visualized after
relatively short (15- to 60-s) balloon occlusions . They noted
AAgiogaphic Method r Value SEE
P Value
Gensini (14) 0 .65 0.17 0
.00!1
Dash et al
. (15)
0 .63 0.02 0.0001
Huber et al. (16) 0 .54 0.002 0.001
Ellis et al. (17) 0.60 0.001
0.0004
Myocardial territory 0.55 0.02 0
.001
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also that in the presence of collateral circulation, defects
may be small or absent .
Cld alt oar. Our findings have clinical implica-
tions and reemphasize the limitation of the coronary angio-
gram in. fully assessing the functional significance of cores
naty°aery disease, Angi ly similar coronary lesions
may have different functional severity (33,34) . In addition,
there is extensive reported evidence of the independent pn*
postic value of stress myocardial perfusion imaging (35-38) .
The risk area obtained by perfusion imaging represents a
physiologic
measurement drat has been correlated with exper-
intentally measured risk area and ultimate infarct size
(1,2,d,5,td,23-27). Our results confirm that anatomic data
chained from angiography are complementary to, but distinct
Vim, those obtained by quantitative sestamibi imaging.
The imaging protocol as used in the present study is not
directly applicable to the individual patient undergoing an-
gioplasty because results are not available until after the
angioplasty. Nevertheless, it is conceivable that concern for
restenosis during fallow-up is affected by the size of the risk
area (i.e., a patient with a large risk area should be followed
up snore closely than a patient with a small area at jeopardy) .
Additionally, such imaging may serve as a baseline for
follow-up stress testing .
This imaging protocol may be valuable in clinical trials
aimed at comparing interventional strategies. it may be
appropriate to stratify patients according to initial area at
risk as assessed with technetium-99m sestamibi . This should
make analysis of end points such as infarct size more
meaningful . Our study demonstrates that stratification solely
on anatomic criteria may be flawed and does not accommo-
date the diversity of physiologic risk area,
We3hank Marltt Srwi, De as Natale end the entire
tech"
staff of the Yale
Catdiovascukr Nuclear l
Exercise Laboratory for their continued
obrts .andsasistanaa,
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